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COr^FiOE’lTiAL 


FOREkCaD 


The  history  of  reseaxoh,  aimed  to  meet  spcoifio  military  oharaoter- 
istios,  is  one  of  oonstant  oompromise.  Conflict  after  conflict  results 
from  the  aohioreoiont  of  one  military  oharaoteristio  with  respect  to 
other  desirable  and  necessary  oharacteristios. 

The  work  which  is  reported  in  the  following  pages  is  not  an  excep¬ 
tion  to  this  somewhat  general  situation.  In  the  particular  ease  at  hand, 
faith  in  an  idea  has  been  rewarded  by  the  de-relopment  of  new  colorants 
which  are  the  resvilt  of  basic  research  processes  aimed  at  a  definite 
goal.  Ifhile  the  results  themselves  are  not  all  that  one  could  desire, 
the  dovolopmonts  to  date  are  of  such  a  character  that  there  is  definite 
hope  of  firther  specific  aohicTement  along  the  same  lines  in  future 
studies. 

The  future  cf  such  studies  is  dependent  upon  the  availability  of 
information  from  the  using  agencies  as  to  the  potential  need  for  color¬ 
ants  with  oharuoteri sties  in  the  extended  range.  Within  the  limitations 
cited  in  the  report  as  herewith  presented,  the  thieat  of  the  present 
Snipersoope  can  be  met  very  adequately  withotit  impairing  fabric  function- 
ability. 
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A  COMPARISON  OF  RESIN  BONDED  PIGMENT,  Sm.FUR  AND  QUARTERMASTER 
DEVELOPED  VAT  DYE  FORMULATIONS  FOR  ACHIEHNO 
INFRARED  CAMOUFLAGE  ON  TEXTILES 

'i- 

A.  0.  Ramsley,  B.A.  Natsios,  J.  D.  Elj 
GENERAL  SUMMARY 

Thr«e  colorant  sjstema  are  reported  which  are  capable  ot  achieving 
specific  reflectance  values  in  the  spectral  range  of  sniperscope  sens!- 
tivitj  which  conform  to  recommendations  proposed  by  the  Corps  of  Engineers, 
Substantial  amounts  of  fabric  were  prepared  using  each  of  the  three 
colorant  systems  to  obtain  visual  shades  close  to  the  standard  for  Olive 
Green  107.  The  methods  described  are  fundamentally  different  from  each 
other,  namely;  a  resin  bonded  inorganic  pigment  system,  a  combination  of 
sulfur  dyes,  and  a  recently  developed  vat  dye  formulation. 

In  order  to  evaluate  the  methods  reported,  comparisons  are  made 
for  several  characteristics  relating  to  field  performance.  Experimental 
data  Include  physical  properties,  sewabillty,  water  repellency,  coloi* 
fastness,  infrared  reflectance,  and  resistance  to  anti-vesicant  impreg¬ 
nation. 

These  data  show  that  the  sulfur  dyed  fabric  fails  with  respect  to 
color  fastness  and  resistance  to  anti-vesicant  Impregnation,  Both  the 
new  vat  dye  and  pigment  systems  are  equally  capable  of  achieving  the 
recommended  reflectance  values  in  the  spectral  region  of  sniperscope 
sensitivity.  This  has  been  attained  without  sacrifice  in  quality  with 
respect  to  physical  properties,  sewabillty,  water  repellency  and  color 
fastness,  The  recently  developed  vat  foimilation  shows  no  improvement 
over  the  present  standard  in  resistance  to  anti-vesicant  impregnation. 

The  resin  bonded  Inorganic  pigment  system,  on  the  other  hand,  when 
properly  treated  with  water  repellents,  far  surpasses  the  standard  in 
this  respect  and  approaches  the  demaadiag  requirements  defined  by  the 
Chemical  Corpr. 

Because  of  imlque  advantages  over  the  other  systems  inherent  in  the 
resin  bonded  inorganic  pigment  system,  it  is  considered  the  best  colorant 
method  yet  developed.  It  provides  controlled  reflectance  throughout  the 
near  infrared;  it  is  adaptable  to  other  military  shades;  it  is  the  only 
colorant  system  which  shows  any  resistance  to  anti -vesicant  impregnation. 
However,  the  success  achieved  in  extending  the  spectral  range  of 
controlled  reflectance  with  vat  dyes  and  certain  observations  made  in 
this  study  on  the  effect  of  chemical  treatments  on  spectral  properties 
are  encouraging.  These  observations  suggest  that  studies  of  dye  struc¬ 
ture  BUiy  eventually  prove  fruitful  for  the  full  spectral  range  in  which 
active,  image  forming  detectors  can  be  expected  to  operate.  The  advan¬ 
tage  of  utilising  d/es  rather  than  pigments  lies  in  the  comparative 
ease  %flth  which  the  fabric  can  take  on  ether  functional  finishes. 

If  anti-vesicant  impregnation  can  be  avoided  and  consideration  of 
camouflage  characteristics  can  be  confined  to  visual  and  present  sniper- 
~  scope  viewing,  then  it  may  be  considered  that  two  solutions,  the  new  vat 
dyes  and  the  resin  bonded  pigments,  effectively  conclude  the  present  program. 
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THE  NATURE  OF  TIIS  PROBLEM  BEING  EXPLORED; 


With  th*  tactical  tuccasa  axpariancad  in  r«c*nt  military  angagement* 
ualng  th*  snip^rBCop*  a*  a  weapon  in  combat,  it  is  apparent  that  n.eaaur** 
must  b*  d*v*lop«d  to  minimiz*  it*  •.ff*ctiv*n**»  wh*n  u»*d  by  •n«my  forces. 
Sine*  1946  eeveral  approach**  to  *chi*ving  infrar*d  camouflag*  on  textile 
items  have  been  investigated  vdthin  the  Quartermaster  Laboratories  and 
under  research  contractSo  In  general,  with  the  exception  of  sulfur  dyes, 
no  single  dye  system  had  been  found  capable  of  achieving  infrared  reflec¬ 
tance  values  in  the  region  of  sniperscopc  sensitivity  of  20  5  per<'ent^ 

recommended  by  the  Corps  of  Engineers  for  a  cold'  wet  climate„  There¬ 
fore,  the  successful  approaches  have  resultf;d  in  either  blending  opera¬ 
tions  or  double  coloring  systems  to  obtain  the  characteristics  requisite 
for  proper  concealment  at  night  „  Among  th<  systems  examined  have  been 
the  blending  of  pigmented  rayons  with  vat  or  ciirome  dyed  fibers  ^  the 
use  of  resin  bonded  pigment*  Uj  applied  over  a  dyed  ground  shade,  and 
more  recently,  in  th*  case  of  wool,  a  system  of  unifiber  blending  utilizing 
certain  special  dyes  Most  of  th*  method*  which  have  been  worked  out 

poB*  problems  with  respect  to  the  application  of  functional  finishes^  This 
is  particularly  true  of  the  resin  bonded  pigment  systems,  although  method* 
have  been  developed  for  combiMng  water  repellency,  fire  resistance  and 
color  in  on>t  basic  operation 

From  the  early  day*  of  this  project,  th*  feeling  has  existed  in  this 
laboratory  that  modification  of  the  molecular  structure  of  dyestuffs  could 
influence  th*  electronic  states  in  such  a  manner  a*  to  extend  the  spectral 
range  of  relatively  low  reflectance  further  into  th*  infrared,  Ilye  system* 
have  th*  advantage  over  pigment  systems  in  th*  comparative  ease  with  vhich 
functional  finish#*  may  b#  applied.  The  lower  infrared  reflectance  of  th* 
present  vat  dyed  standard  for  Oliv*  Green  107,  a*  compared  with  previous 
formulations,  is  svidenc*  of  th#  feasibility  of  this  line  of  attack. 
Furthermore,  in  early  1950  a  vat  gray  having  interesting  properties  became 
available  from  one  of  th#  dyestuff  companies  With  these  c3;.«(8  and 

theoretical  consideration#  as  a  starting  point,  a  research  prog'ajr  was 
undertaken  by  th*  Calco  Chemical  Company  \md#r  their  research  contract. 

This  program  ha*  been  productive  of  a  large  number  of  new  dye*  wif.th  mat* - 
rially  impi  oved  infrared  characteristic*  Fundamentally,  th*  modifi¬ 

cation*  introduced  into  th#  molecular  structure  are  such  as  to  increase 
hydrogen  bonding  and  th*  resonance  of  the  first  excited  state, 

Th*  present  study  provide*  a  direct  comparison  on  cotton  fabrj.c*  for 
physical  properties  and  color  characteristic*  of  the  most  successful 
solutior**  to  th#  problem  of  achieving  th*  infrared  reflectance  value* 
rsconmsndsd  by  th#  Corps  of  Engineers,  Th#  study  is  confined  to  cotton 
fabrics,  bscaus*  of  their  us*  as  ths  outer  layer  of  combat  ensembles  and 
ars,  therefor# ,  somewhat  tora  important  than  other  fabric*.  Three 
colorant  system*  ar#  compared;  rssin  bonded  inorganic  pigment  formula¬ 
tion*  applied  over  a  vat  dyed  ground  shade;  a  formulation  of  vat  dye# 
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■•l«ct«d  from  tho  rolativalj  largo  number  of  dyoi  produced  under  the 
research  contract  with  the  Calco  Chemical  Company;  and  a  selected  sulfur 
dye  formulation.  The  particular  rat  dyes  used  are  practical  because  their 
production  could  be  undertaken  within  a  reasonable  time  using  equipment 
now  arallable  throughout  the  dyestuff  Industry.  The  study  has  two  points 
of  reference:  the  raluss  of  reflectance  In  the  spectral  range  of  sniper- 
scope  sensltlrlty  recennended  by  the  Corps  of  Engineers  for  Infrared 
properties;  and  the  present  specified  standard  for  Olive  Green  10?  for 
physical  properties  and  color  fastness. 

To  test  the  feasibility  of  using  the  resin  bended  pigment  system 
as  a  predustien  method,  this  oelerant  technique  is  represented  by  four 
groups,  the  products  of  four  manufacturers  of  pigments,  referred  to  as 
A,  B,  C  and  S.  These  four  companies  out  of  a  larger  group  had  prevleusly 
submitted  femnlatioms  which  had  proved  satisfactory  In  laboratory  and 
semi-scale  preductlsm  to  moot  minlmom  requirements  with  respect  to  eelsr- 
fastnoss.  The  entire  series  of  resin  bonded  pigmented  fabrics  considered 
in  this  report  were  produeed  by  the  Cramsrtom  Division  of  Burlington 
Mills  using  formulatioms  supplied  by  the  respective  manufacturers  and 
under  direction  of  their  ropresentatives.  To  Insure  that  the  production 
conformed  to  requiremomts  established  with  respect  to  visual  shade  and 
Infrared  reflectsjiee,  samples  were  Inspected  periodically  during  the 
four  runs  by  pcrrsonmol  of  the  Textile  lacing  and  Finishing  Laboratory. 

It  Is  Interesting  to  note  In  this  conneetien  that  of  the  nany 

samples  ef  foreign  origin  which  have  been  examined  in  this  laboratory, 
proper  Infr^ed  refleotanee  values,  by  Corps  of  Engineers  standards, 
have  been  achieved  on  relatively  few  items.  Most  ef  the  sulfur  dyed 
fabrics  ef  proper  visual  shade  have  Infrared  reflectance  values  beiew 
fifteen  percent.  A  resent  study  ef  twenty-six  samples  ef  Russian 
origin  shewed  that  enly  tww  sulfur  dyed  cotton  fabrics,  a  wee  1-rayon 
blend  and  a  weel-eottea  union  met  the  conditions  for  Infrared  reflec¬ 
tance  reommeaded  by  the  Corps  ef  Engineers.  The  weel-rayen  blend  and 
the  wowl-cetten  unlen  achieved  these  results  by  use  of  sulfur  dyed 
cellttlesic  cempoaents  amd  a  ehreme  mordant  dyed  wool, 

PROCEDURE  OF  EIPERIHEOTATION  FURaito: 

1.  The  standard  Olive  Green  107,  used  as  a  reference  fabric  In 
this  eas  vat  dyed  In  accerdanee  with  speeifleatien  for  this 

shade  For  akc  purpose  ef  minimising  the  effects  of  variability 

of  fabric  from  erne  ].ot  to  another,  a  secondary  roforence,  vab  dyed 
against  the  standar<5 ,  was  introduced  from  the  production  ef  the 
Cramerten  Division  ef  Burlington  Mills,  using  the  same  fabric  let  upon 
which  the  resin  bended  pigment  femulatiens  were  applied.  This  fabric 
was  used  as  th«  referenoe  for  physical  properties  and  color  fastness  in 
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this  rspsrt  and  is  r«fsrrs4  ts  as  Stai^ard  OUts  Grsnn  107o  Tht  foraulu- 
blons  usad  la  this  aad  all  ths  sthar  colarant  sjataaa  eaasidarad  la  this 
rapsrt  ara  suisnarizad  la  Appaadlx  B. 

2.  Tha  aat:lra  praduciiaa  af  rasla  baadad  plgnantad  fabrics  was 
aecsnpHshad  by  ths  Crajsartaa  Dlrlsloa  with  the  asslstaaea  of  raprasanta- 
tlras  af  tha  caapf  ratlag  plgnant  naaufaoturars.  Tha  rat  dyad  grauad 
shada  was  calar  aatchad  ta  a  staadard  daralapad  la  this  labaratary,  sa 
praparad  that,  idiaa  tappad  with  tha  plgnant  faraulatlons.  It  would  ylald 
a  risual  shada  class  ia  tha  staadard  Olira  Graaa  107.  Quartamastar 
parsamaal  wara  prasaat  as  obsarrars  aad  ta  prarlda  oa  tha  spat  daelslaas 
la  tha  arani  such  wars  raqulrad.  Total  production  far  aach  plgnaat 
naaufaetorar,  axcapt  "C,  was  apprexlnataly  fiwa  thousand  yards  of 
fabric  farty-twa  Inches  wlda. 

Manufacturing  eandltleas  usad  thraughaut  tha  praduetloa  for  all 
farwulatlaas  ara  sunnarlzad  balaw: 

Equlpaaat  Paddar,  throe  roll,  2  rubber,  ona  canter  steal  rail 
Dryer  at  250*F,  capacity  35  yards 
Tenter  frans  at  325*F>  capacity  30  yards 
Curing  oTca  at  350*F,  capacity  93  yards 

Exprassiaa  Plek-ap,  70S{  wet,  4.5^  dry,  aaa  dip,  ana  alp  at 
alas  tons  prassurs 

Rata  100  yards  par  nlauta 

Bacausa  af  a  daflelanoy  In  tha  rat  dyad  graund  shada,  a  slight  side  ta 
cantar  shading  was  obserrad  far  all  fabrics,  and  during  tha  Indlrldual 
runs  tha  rails  bacana  eaatad  occasionally  and  had  to  be  slcanad  with 
salYont . 

In  general,  for  nanufaeturnr«  **4"  and  "B**  aparatlan  was  snooth  and 
productlan  axcallaat.  Far  suuaufacturcr  "D"  tha  carbon  black  la  tha  bath 
showed  a  tandancy  ta  "flush"  ta  tha  surface.  This  ranultad  In  fabrics 
a  bit  darker  and  duller  than  standard,  although  no  spatting  of  tha  fabric 
surface  accurrod.  With  canufaeturar  "C"  this  bacana  a  major  problan 
bacausa  the  carban  black  fl>  shad  badly  and  tha  nurfaea  was  spotted.  Tha 
run  was  Interrupted  while  a  nadlfleatlon  of  ths  formulation  was  made, 
which  resulted  In  sene  tomparary  InpraTcaiaat.  Ths  run  was  stopped, 
hawarar,  after  only  1,000  yards  of  ths  planned  total  af  5>00O  yards  had 
bean  eanplatad,  bacausa  af  tha  Incraasa  ia  surface  spatting.  Subsequent 
laborateiy  work  an  tha  part  af  muufaeturar  "0"  has  inprarad  his  fermu- 
latian  to  a  paint  cansidarad  satisfactory,  althsugh  It  has  not  brra 
praran  la  actual  praductiaa.  Ona  minor  da  fact  in  all  tha  praductloa  was 
aridant  in  that  a  dark  blatoh  tha  size  af  a  twenty-flra  cant  piaea 
appeared  pariadlcally.  This  was  tha  result  of  a  blister  oa  tho  botton 
rubber  rail  of  tha  paddar.  This  is  nantlaaad  to  amphaslza  tha  need  far 
good  aquipaant  la  the  rasln  bonded  plgnaat  systan. 
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It  should  be  stated  that  the  Cramerton  personnel  operated  under 
instmictions  from  the  representatives  of  the  pigment  manufacturers  and 
were  limited  to  the  pigment  formulations  supplied.  The  success  of  three 
of  the  rxins  shows  that  competent  mill  operators  with  proper  equipnent  are 
capable  of  producing  satisfactory  fabric,  if  good  formulations  are  used. 

The  visual  shade  of  the  fabrics  after  treatment  with  water  repellents 
showed  that  the  production  of  "A"  was  a  good  match  to  standard.  "B"  was 
a  bit  on  the  full  side  of  standard  but  within  allowable  tolerance  limits. 
"C"  and  "D"  were  dark  and  dull  as  a  result  of  the  carbon  black  tending  to 
surface. '"With  the  exception  of  the  production  of  manufacturer  "C”,  the 
entirenrun  is  considered  successful 

For  the  present  study,  samples  were  taken  at  four  stages  of  produc¬ 
tion  for  most  products:  (a)  the  vat  dyed  ground  shade  prior  to  application 
of  pigment  forWilations,  (b)  the  same  after  application  of  the  resin 
bonded  inorganic  pigments,  (c)  resin  bonded  pigmented  fabrics  treated 
with  a  cationic  water  repellent,  and  (d)  resin  bonded  pigmented  fabrics 
treated  with  a  resinous  water  repellent.  The  Cramerton  plant,  at  that 
time,  was  utilizing  the  cationic  water  repellent  in  connection  with  a 
contract  originating  with  the  New  fork  Purchasing  Agency  for  Olive  Green 
10?  on  9  ounce  cotton  sateen.  Use  of  the  resinous  type  was  introduced 
because  previous  studies  had  demonstrated  some  superiority  of  this 
type  among  the  so-called  durable  water  repellents,  particularly  with 
respect  to  resistance  to  anti -vesicant  impregnation, 

3.  The  special  formulation  of  vat  dyes  developed  under  the  Calco 
contract  was  applied  in  the  Quartermaster  laboratories  Jointly  biy  repre¬ 
sentatives  of  the  Calco  Chemical  Company  and  personnel  of  the  Textile 
Dyeing  and  Finishing  Laboratory.  Dyestuffs  used  were  the  product  of  a 
small  pilot  run  and  the  total  yardage  processed  was  approximately  170 
yardSj  The  application  of  dyestuff  was  accomplished  by  padding  using 
the  Gessner  Squeeze  machine  and  processed  in  the  usual  manner  on  the  jig. 

4.  The  sulfur  dyed  fabric  was  prepared  by  the  Textile  Dyeing  and 
Finishing  Laboratory  and  was  treated  with  a  resinous  water  repellent. 

The  formulation,  develop>ed  in  this  laboratory,  was  selected  from  fast 
sulfur  dyes  which  could  produce  a  shade  approximating  Olive  Green  107 
and  was  applied  in  accordance  with  usual  proced\ires  for  this  type  of  dye. 

5.  In  order  to  evaluate  the  fabrics  prepared  with  regard  to  expected 
pserformance  under  field  conditions,  the  following  color  fastness  tests 
were  imdertaken: 

Fastne ss  to  Light;  In  the  Atlas  Fade-O-Meter,  Model  FDAR,  160 
standard  fading  hours  in  accordance  with  Method  5660,  Federal  Specifica¬ 
tion  CCC-T-191b. 

Fastness  to  Weathering;  In  the  National  Weathering  Machine  for 
100  hours  in  accordance  with  Method  5671,  Federal  Specification  CCC-T-191b. 
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Fastness  to  Mobile  Launderlnj;;  Thirty  cycles  using  an  anionic 
synthetic  detergent  in  accordance  %id.th  field  procedures. 

Fastness  to  Chlorine  laundering;  Twenty  mobile  laundering 
cycles  using  a  solution  of  O.ljf  available  chlorine  as  part  of  each 
laxindering  cycle. 

Fastness  to  Alternate  Exposure  to  Light  and  Laundering;  Exposure 
for  ten  hours  in  the  Atlas  Fade-O-Meter,  Model  FDAR,  followed  by  mobile 
laundering  using  an  anionic  synthetic  detergent.  Evaluations  are  based 
on  five  »*»petitive  cycles. 

6.  Color  changes  in  the  various  fastness  tests  are  based  on  curves 
obtained  on  a  General  Electric  Recording  Spectrophotometer  equipped  with 
a  Librascope  Automatic  Tristimulus  Integrator,  located  in  the  Pioneering 
Research  Laboratory,  using  freshly  prepared  magnesium  oxide  as  the  basic 
reflectance  standard.  Values  of  infrared  reflectance  were  obtained  fret 
the  spectral  reflectance  curve  at  one  micron,  as  obtained  on  this 
instrument.  Color  difference  measurements  reported  are  based  on  the 
Adams  formula  vl2;^  Certain  of  these  samples  were  also  studied  viith 
respect  to  diffuse  spectral  reflectance  to  4.2  microns,  ucing  the  White 
Corporation  reflectance  attachment  to  the  Perkin-Elmer  Infrared 
Spectrometer,  Model  12-C.  with  a  lithium  fluoride  prism.  This  instrument, 
based  on  the  Sanderson  principle,  is  located  in  the  Materials  Labora¬ 

tory,  Wright  Air  Development  Center. 

7*  Seam  efficiency  and  yarn  severance  tests  were  performed  by  the 
Seams  Laboratory  of  the  Textile  Materials  Engineering  Laboratory  in 
accordance  with  test  methods  5110  and  5400,  respectively  of  Federal 
Specification  CCC-T-l'-llb.  Standard  conditions  for  testing  textiles  were 
observed  throughout.  Seams  were  made  using  the  following  conditions: 

049  round  point,  ball  eye  needle 

24/3  needle  thread 

60/3  looper  thread 

12-16  stitches  per  inch 

8,  Water  repellency  tests  (spray  rating,  hydrostatic  pressure  and 
dynamic  absorption)  were  conducted  in  accordance  with  Methods  5526,  5516, 
5500  and  5518  of  Federal  Specification  CCC-T-191b  by  the  Functional 
Finishes  Laboratory. 

9.  The  following  physical  properties  of  the  original  fabrics  were 
also  determined  by  the  Functional  Finishes  Laboratory  in  accordance  with 
Methods  5100,  5132,  5122,  5030,  50a,  5450  and  5202  of  Federal  Specifica¬ 
tion  CCC-T-191b. 
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Breaking  strength  -  pounds  -  grab  method 
Elongation  at  break  -  percent 
Tear  strength  -  pounds,  Elmendorf 
Bursting  strength  -  pounds 

Thickness  -  inches,  0.625  pounds  per  square  inch 
Weight  -  ounces  per  square  yard 

Air  Permeability  -  cubic  feet  of  air  per  minute  per  square  foot 
Flexibility  -  at  ambient  temperature 
at  minus  20°F 

after  aging  6  hours  at  200°F 

after  aging  6  hours  at  200®F  and  one  cotton  mobile 
laundering 

10.  In  addition,  tests  were  conducted  for  resistance  to  anti-vesicant 
impregnation  using  the  procedure  outlined  in  Laboratory  Directions  No.  112 
published  by  the  Chemical  Corps  Technical  Command,  Protobti^®  Division. 

In  this  tost  the  samples  are  impregnated  with  Impregnite  XXCC3  on  a  two 
roll  jjadder  to  provide  ten  percent. by  weight  of  the  compound  on  the  fabric 
in  a  manner  previously  described  The  fabric  is  then  aged  for  forty- 

six  hours  at  175°F  (80°C),  considerea  equivalent  to  box  and  bale  storage 
for  six  months. 

U.  The  samples  tested  are  identified  in  the  tables  of  the  Appendix 
by  the  following  code: 

CODE  DESIGNATION  SAMPLE  DESCRIPTION 

GO  General  Ground  Shade  for  Resin-Pigment  Formulation 

GR  General  Ground  Shade  Treated  with  Resinous  Water 

Repellent 

AO  Resin  Bonded  Pigmented  Fabric  using  Ground  Shade  GO 

Produced  by  Manufacturer  ”A" 

AR  Fabric  AO  Treated  with  Resinous  Water  Repellent 

AC  Fabric  AO  Treated  with  Cationic  Water  Repellent 

BO  Resin  Bonded  Pigmented  Fabric  using  Ground  Shade  GO 

Produced  by  Manufacturer  ’’B"  , 

BR  Fabric  BO  Treated  with  Resinous  Water  Repellent 

BC  Fabric  BO  Treated  with  Catibnic  Water  Repellent 

CC  Resin  Bonded  Pigmented  Fabric  using  Ground  Shade  GO 

and  Treated  with  Cationic  Water  Repellent  Produced 
by  Manufacturer  ”C" 

DO  Resin  Bonded  Pigmented  Fabric  using  Ground  Shade  GO 

Produced  by  Manxifacturer  "D" 

DC  Fabric  DO  Treated  with  Cationic  Water  Repellent 

V 
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CODE  DESIGNATION  (cont'd)  SJt>lPI£  DESCRIPTION 

ST  Present  Vat  Dyed  Standard  for  Olive  Green  10?  treated 

with  Cationic  Water  Repellent 

CV  Fabric  Dyed  with  Newly  Developed  Vat  Formulation 

Treated  with  Resinous  Water  Repellent 

S  Fabric  Dyed  with  Selected  Sulfur  Dye  Foiwilation 

Treated  with  Resinous  Water  Repellent 


RESULTS  OBTAINED: 


•I 

V 

!■* 


1.  For  the  sake  of  convenience  the  detailed  experimental  data  are  tabu¬ 
lated  in  the  Appendix  to  this  repbrt.  These  tables  suamarize  the  following: 

Table  I:  Physical  Properties  of  Original  Tost  Fabrics  for  Comparison 

of  Resin  Bonded  Pigment,  Sulfur,  and  New  Vat  Dye  Formulations 
for  Control  of  Infrared  Reflectance. 

Table  II:  Sewability  Characteristics  of  Original  Test  Fabrics  for 

Comparison  of  Resin  Bonded  Pigment,  Sulfur,  and  New  Vat  Dye 
Formulations  for  Control  of  Infrared  Reflectance, 


Table  III:  Water  Repelloncy  Characteristics  of  Test  Fabrics  for  Comparison 
of  Resin  Bonded  Pigment,  Sulfur,  and  New  Vat  Dye  Formulations 
for  Control  of  Infrared  Reflectance, 

Table  IV:  Color  Fastness  Characteristics  of  Test  Fabrics  for  Comparison 
of  Resin  Bonded  Pigment,  Sulfur,  and  New  Vat  Dye  Formulations 
for  Control  of  Infrared  Reflectance. 

Table  Vr  Infrared  Reflectance  Values  Observed  in  Fastness  Tests  of 

Test  Fabrics  for  Comparison  of  Resin  Bonded  Pigment,  Sulfvir, 
and  Now  Vat  Dye  Formulations  for  Control  of  Infrared 
Reflectance. 


Table  VI:  Resistance  to  Anti-vesicant  Impregnation  of  “Test  Fabrics  for 
and  Vl-a  Comparison  of  Resin  Bonded  Pigment,  Sulfur,  and  New  Vat  Dye 
Foimdations  for  Control  of  Infrared  Reflectance, 


Spectral  reflectance  curves  are  shown  in  the  Appendix  for  all  of  the 
fabrics  subjected  to  color  fastness  teste  £md  representative  samples  of 
those  treated  with  anti -vesicant  impregnation.  These  curves  cover  the 
range  from  400  to  1000  millimicrons,  as  obtained  (hi  the  General  Electric 
Recording  Spectrophotometer.  Also,  diffuse  spectral  reflectance  cuives 
frcm  1.0  to  4.2  microns,  as  obtained  on  the  White  attachment  to  the 
Perkln-Elmor  Infrared  Spectrometer,  are  shown  for  four  samples:  the 
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present  vat  standard  for  Olive  Green  107,  the  resin  bonded  pigment  formu¬ 
lation,  the  sulfur  dyed  fabric,  and  the  newly  devoloped  vat  formulation. 
Code  AR  was  selected  from  among  the  resin  bonded  pigmented  fabrics  be¬ 
cause  it  came  closest  to  matching  the  visual  shade  for  Olive  Green  107 
and  the  recommended  infrared  reflectance  value. 

2.  From  an  examination  of  the  physical  data  of  Table  I  it  is 
evident  that  each  sample  is  inferior  in  some  characteristics  and  superior 
in  others  to  the  standard  and  to  each  other.  In  order  better  to  evaluate 
the  physical  data,  the  values  obtained  on  the  tv®  resin  bonded  pigmented 
fabrics  treated  vd.th  resinous  water  repellent  were  averaged.  (Codes  AR 
and  HR),  The  values  thus  obtained  were  compared  with  the  average  valusa 
obtained  from  the  four  resin  bonded  pigmsnted  fabrics  treated  vd.th  the 
cationic  water  repellent  (Codes  AC,  BC,  CC,  DC),  the  standard,  the 
special  Calco  vat,  and  the  sulfur  dyed  fabrics.  To  place  the  data  on  a 
common  basis,  each  factor  was  compared  to  the  standard,  vfhich  v«as 
arbitrarily  assigned  a  rating  of  100.  Ratings  with  regard  to  the  first 
four  variables  (breaking  strength,  elongation,  tear  strength,  and  burst¬ 
ing  strength)  are  direct  ratios  of  sample  to  standard.  The  last  three 
variables  (weight,  air  p>ermeability,  and  flexibility)  are  evaluated  as 
Inverse  ratios,  because  quality  with  respect  to  these  peramv.  -xrs  is  an 
Inverse  function  of  the  quantities  measured.  It  is  evident  ’  om  this 
treatiQint  of  the  data  that,  as  far  as  physical  properties  are  concerned, 
all  of  the  colorant  methods  considered  are  at  least  as  good  as  the 
standard  from  an  over-all  view,  if  equal  importance  can  be  assigned  to 
each  factor.  The  table  below  summarizes  this  analysis. 

TABLE  A 

Comparison  of  Physical  Properties  of  Resin  Bonded  Pigmented, 
Sulfur,  and  New  Vat  Dyed  Fabrics  vdth  Standard 


AR,  BR 

AC,  BC 
CC.  DC 

CV 

S 

Breaking  Strength 

121 

119 

96 

104 

Elongation 

72 

85 

96 

108 

Tear  Strength 

97 

102 

129 

110 

Bursting  Strength 

129 

128 

122 

113 

Weight 

98 

97 

107 

97 

Air  Permeability 

112 

132 

102 

116 

Flexibility 

83 

94 

102 

112 

Average  of  all  seven 
variables 

102 

108 

108 

109 
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3.  From  Tabic  II  it  is  evident  that,  vdth  respect  to  eeinr.  efficiency 
and  yam  severance,  the  Calco  special  vat  and  sulfur  dyed  fabrics  are  at 
least  as  good  as  the  standard.  A  significant  point  observed  in  these  data 
is  the  remarkable  improvement  in  sewability  of  the  resin  bonded  pigmented 
fabrics,  after  water  repellent  treatment,  to  the  point  where  they  may  be 
considered  almost  as  good  as  the  standard.  The  Improvement  of  these 
fabrics  may  be  attributed  in  large  part  to  the  improved  flexibility  im¬ 
parted  by  either  type  of  water  repellent.. 

4.  The  water  repelloncy  data  of  Table  III  show  nothing  to  alter 
previous  observations  to  the  effect  that  the  water  repellents  used  in  this 
study  give  adequate  results  when  properly  applied,  regardless  of  tdiether 
they  are  applied  over  vat  dyed  or  resin  bonded  pigment  bases. 

5>  Because  the  mass  of  data  in  Table  IV  requires  considerable  study 
in  order  to  assess  its  full  significance.  Figure  A  is  presented  to  summar¬ 
ize  the  observations  with  respect  to  color  fastness.  In  this  case  the 
Calco  special  vat,  sulfur  dyed  and  resin  bonded  plguented  (Code  AR) 
fabrics  are  compared  to  the  standard  with  regard  to  the  units  (Adams)  of 
color  change  calculated  for  each  of  the  various  tusts.  Fabric  AR  was 
selected  because  it  was  the  best  of  the  resin-pigmented  fabrics  produced 
with  respect  to  visual  shade,  infrared  reflectance,  color  fastness  and 
ease  with  vAiich  the  formulation  was  applied  at  Cramerton.  The  heights  of 
the  bars  are  directly  proportional  to  the  color  changes  observed.  By 
Integrating  the  area  defined  by  the  bars,  an  over-all  evaluation  of  the 
color  fastness  may  be  assigned.  Rating  the  samples  on  this  basis  places 
the  formulations  in  the  following  rank  order;  Calco  special  vat  (96), 
resin  bonded  pigment  (119),  standard  (130),  and  sulfur  (301)  in  order 
of  decreasing  fastness.  S<vne  of  the  other  resin  bonded  pigmented  fabrics 
are  not  as  good  as  Code  AR  or  AC.  This  is  particularly  true  of  Code  CC 
and  DC.  The  reasons  for  this  relate  to  manufacturing  difficulties  dis¬ 
cussed  previously  and  will  be  considered  in  the  Discussion. 

(Figtire  A  follows  on  succeeding  page). 

6.  Table  V  presents  the  data  on  the  Infrai^d  reflectance  of  all 
the  test  fabrics  in  the  original  state  and  also  after  the  color  fastness 
tests.  The  present  standard  has  an  infrared  reflectance  which  is  con¬ 
sidered  too  high  to  provide  adequate  conces-lment  in  a  cold-wet  climate. 
Both  the  recently  developed  Calco  vat  dye  formulation  and  the  resin 
bonded  pigment  system  achieve  reflectance  values  which  meet  the  reconnen- 
dations  of  the  Corps  of  Engineers.  The  specific  sulfur  dyed  fabric  has 
a  reflectance  in  the  region  of  snlperscope  sensitivity  which  is  much  too 
low.  It  is  unusual  to  find  sulfur  dyed  fabrics,  of  a  shade  as  deep  as 
Olive  Green  107,  having  infrared  (snlperscope)  reflectance  very  much 
higher  than  ten  or  twelve  percent.  It  is  possible,  however,  to  alter  the 
formulation  by  using  selected  sulfur  dyes  to  meet  the  recommended  condi¬ 
tions  . 
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FIGURE  A 


COLOR  CHANGES  OBSERVED  IN  FASTNESS  TESTS  FOR  STANDARD  OLIVE  GREEN  10? 
RESIN  BONDED  INORGANIC  PIGMENT,  SULFUR,  AND  NEW  VAT  DYED  FABRICS 


LEGENDS 

1.  Fading  -  160  hours 
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Th*  data  af  Tabla  V  shaw  what  changaa  may  b*  axpactad  in  infrarad 
raflactanca  whan  fabrics  ara  subjactad  ta  flald  canditians.  Examlnatlan 
af  this  tabla  shaws  that  bath  tha  Calca  spaclal  vat  dyaa  and  praparly 
appriad  rasin  bandad  pighant  farmulatlans  will  pravida  Infrarad  raflac- 
tanca  valuas  within  tha  allawabla  limits  racanmandad  by  tha  Carps  af 
Englnaars  during  tha  Ufa  af  tha  gamant.  Tha  paorast  sampla  af  tha 
graup  with  raspcct  ta  fastna ss  in  infrarad  raflactanca  is  the  sulfur 
dyad  fabric.  If  adjustmants  wara  mada  ta  pravida  prapar  infrarad  ra¬ 
flactanca  an  tha  arlginal  fabric,  tha  raflactanca  af  tha  fabric  in  fiald 
usa  waxild  incraasa  rapidly,  ta  tha  paint  whara  it  wauld  saan  ba  autsida 
tha  racamandad  limits. 

7.  Data  af  Tabla  VI,  illustrating  tha  affect  .<f  Impragnita  XXCC-3 
an  tha  braaking  strength  af  tha  test  fabrics,  shaw  canclusivaly  that 
naua  of  tha  farmulatlans  can  ba  axpactad  ta  ^thstand  wall  tha  axtrama 
dagradativa  canditians  which  axist  in  tha  tast.  This  tast  raquiras  that 
far  a  fabric  ta  ba  cansidarad  satisfactary,  it  must  ratals  fifty  parcant 
af  its  straagth  and  fifty  p  rcant  a'  'a  aati-vasicant  aftar  impragna- 
tian  with  tan  parcant  Impragnita  XXOv,  and  subsaquant  aging.  Tha  watar 
rapallant  traatmants  an  sama  af  tha  rasin  bandad  pigmantad  fabrics 
pravantad  absarptian  af  tha  raqulsita  tan  parcant  asti-vasicant. 

Samplas  af  fabric  cansidarad  in  this  rapart,  submittad  ta  tha  Army 
Chamical  Cantar,  wara  subjactad  ta  tha  sams  analysis  by  tha  Chamlcal 
and  Radialagic&l  Labaratarias.  In  thasa  tasts,  tha  samplas  wara  agad  far 
savantaan  ar  twcnty-thraa  haurs,  a  dapartura  fram  instruct ians^-'.itad 
abavs  ta  allaw  a  battar  camparisan  af  fabrics.  Thasa  data 
summarizad  in  Tabla  Vl-a,  ara  in  substantial  agraamant  with  results  ab- 
tainad  in  thasa  labaratarias.  Racagnizlng  tha  dapartura  fram  tha  abavs 
canditians,  tha  anly  abssrvatian  %iilch  can  ba  mada  with  assupanca  is 
that  tha  rasin  bandad  pigmantad  fabrics,  whan  praparly  traatad  with  watar 
rapallants  ara  suparlar  ta  tha  standard,  tha  racantly  davalapad  vat  farmu- 
latlan  and  tha  sulfur  dyad  fabrics.  Pravlaus  studlas  have  shawn  a 
supariarlty  af  tha  rsslnaus  typa  avar  catianlc  typa  watar  rapallants 
with  rsspact  ta  tha  pratactlan  affardad  fabrics  fram  tha  ravagas  af 
Impragnita. 

In  this  cannactlan  tha  mast  abvlaus  diffaranca  batwaan  tha  variaus 
tast  fabrics  accxirs  in  tha  affact  af  tha  antl-vasicant  an  tha  calar  af 
tha  fabric.  Spjactral  raflactanca  curvas,  which  ara  prasantad  In  tha 
Appendix,  shaw  that  tha  rasin  bandad  pigmantad  fabrics  ara  virtually 
unaffactad  with  regard  ta  calar  and  Infrared  raflactanca,  as  camparad 
with  tha  athsr  fabrics.  Tha  Calca  special  vat  dyad  sampde  bacamas  a 
deep  rase  ar  brick  rad  calar  aftar  aging;  tha  standard  Oliva  Green  107 
and  tha  sulfur  dyad  fabrics  ara  bleached  ta  a  piale,  dirty  yallawt 

6,  Spectral  reflectance  curves  ta  4*2  mlcrans,  as  abtalnad  an  tha 
VHilte  attachment  ta  tha  Peikln-£lmar  Infrared  Spsctranatar,  shaw  that 
anly  the  rasin  bandad  pigmented  fabrics  can  ba  depended  upan  ta  pravida 
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low  r«fl«ctanc»  throughout  thia  spactral  region  of  future  intereeto 
The  basic  characteristics  of  these  fabrics  which  stand  out  in  these 
figures  are  a)  the  sharp  rise  in  the  reflectance  curve  of  vat  dyes 
beginning  at  about  700  millimicrons  to  a  very  high  value  in  the  two 
micron  region,  b)  the  comparatively  constant  reflectance  value  ob¬ 
served  on  the  resin  bonded  pigmented  fabric  between  1.0  and  2,3  microns, 
and  c)  the  intermediate  values  obseinred  for  the  sulfur  dyed  fabric.  It 
was  pointed  out  earlier  that  the  sulfur  dyed  fabric  had  too  low  a  re¬ 
flectance  in  the  one  micron  region.  The  reflectance  at  1.0  micron  was 
9  percent  and  at  two  microns  about  twenty-live  percent  (the  exact  value 
depends  on  the  amount  of  moisture  in  the  fabric).  If  adjustments  in  the 
formulation  ware  made  to  provide  a  reflectance  of  twenty  percent  at  one 
micron,  the  reflectance  at  two  microns  would  be  approximately  forty  per¬ 
cent.  Furthermore,  the  poor  fastness  properties  of  this  fabric  would 
result  in  even  higher  values  after  relatively  limited  field  use.  The 
Calco  special  vat  dyed  fabric  shows  little  improvement  over  the  present 
standard  beyond  one  micron.  Consideration  of  the  near  infrared  spectral 
region  beyond  one  micron  is  discussed  more  fully  in  another  report  by 
one  of  the  authors  '^5), 

ANALYTICAL  DISCUSSION  OF  THE  RESULTS  OBTAINED: 


In  discussing  the  methods  presently  available  for  obtaining 
optimum  reflectance  in  the  infrared  region  of  the  spectrum,  a  brief 
analysis  of  each  colorant  system  would  seem  to  be  in  order. 

1.  The  present  vat  dyed  standard  for  Olive  Green  107,  considered 
as  the  reference  point  for  all  evaluations  except  infrared  reflectance, 
stands  out  as  a  vacs  improvement  over  previous  uniform  material.  For 
any  of  the  other  fabrics  to  be  considered  adequate,  they  must  compare 
favorably  with  this  standard  with  respect  to  color  fastness  and  physical 
properties  and  still  meet  the  infrared  requirements. 

2.  The  Calco-developed  special  vat  formulation  rates  favorably 
with  the  standard  with  regard  to  the  physical  properties  reported  in 
Tables  I  and  II;  in  some  instances  it  actually  surpasses  the  standard. 

Dynamic  absorption  data,  presented  in  Table  III,  show  that  the 
values  for  this  fabric  (and  also  for  some  of  the  resin  bondsd  pigmented 
fabrics)  arc  high,  although  with  respect  to  spray  rating  and  hydrostatic 
pressure  measuremsnts,  its  performance  is  excellent.  Such  data  may 
indicate  that  removal  of  surface  active  agents  used  in  the  dyeing  opera¬ 
tion  was  incomplete.  The  new  vat  dyes,  as  rsprssented  specifically  by 
the  formulation  chosen  for  this  study,  vdll  show  little  color  deteriora¬ 
tion  In  field  use  and  comprise,  in  fact,  the  only  colorant  system  which 
may  be  considered  equal  to  or  better  than  the  standard  In  every  fastness 
test.  Only  with  respect  to  H^t  fastness  is  this  formulation  surpassed 
by  the  resin  bonded  pigmented  system.  The  new  dyes  have  satisfactory 
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•p«ctr*l  properties  initially,  yet,  unlike  the  sulfur  dyee  which  deteri¬ 
orate  readily,  the  recently  developed  vat  formulation  retains  these 
desirable  properties  over  a  large  number  of  cycles  of  all  degradative 
tests  (except  resistance  to  Impregnlte),  both  in  visual  shade  and  infra¬ 
red  reflectance. 

The  curves  in  the  Appendix,  showing  th«  diffuse  spectral  reflec¬ 
tance  in  the  range  to  microns,  demonstrate  the  very  sharp  rise  in 
reflectance  for  these  fabrics  at  one  micron.  These  new  dyes  are  adequate, 
therefore,  to  produce  fabrics  having  satisfactory  camouflage  properties 
only  against  the  US  Snlperscope,  Model  M'-2,  or  similar  instruments.  If 
image  forming  devices  capable  of  detecting  radiation  beyond  1.2  microns 
were  employed,  these  dyes  would  offer  no  ac vantage  over  the  present 
standard. 
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As  is  evident  fi'om  the  data  of  Table  VI  and  reflectance  curves  in 
the  Appendix,  the  disintegration  of  this  fabric  in  the  presence  of  CWS 
Impregnlte  is  virtually  complete.  It  is  interesting  to  note,  referring 
to  Figure  22,  the  shift  of  the  absorption  maximum  at  about  700  m 
to  almost  800  during  this  treatment  ,  thereby  extending  further  into 
the  infrared  the  region  of  controlled  reflectance.  The  chemical  processes 
Involved  in  this  treatiient  and  the  effect  it  has  on  the  dyestuffs  used 
in  this  vat  formulation  may  provide  a  clue  as  to  how  chemical  structure 
may  be  modified  to  produce  dyestuffs  having  absorption  maxima  at  longer 
wavelengths. 

3.  It  was  pointed  out  previously  that  the  apparently  good  infra¬ 
red  properties  of  the  sulfur  djred  fabric  are  not  real,  because  the 
reflectance  in  the  range  of  snlperscope  sensitivity  is  too  low.  If  ad- 
Justmmits  were  made  ‘in  the  formulation  to  achieve  proper  reflectance  in 
the  on«i  mlcr'on  range,  then  the  reflectance  in  extended  regions  of  the 
infrared  would  probably  be  too  high.  Furthermore,  t'/'.j  deterioration 

of  color  in  all  phases  of  the  color  fastness  tests  precludes  further 
consideration  of  this  type  of  dyeing  fbr  military  fabrics.  Vat  dyes 
are  far  sup>erlor  in  the  visual  range,  while  both  the  recently  developed 
special  vat  and  the  resin  bonded  Inorganic  pigment  system  are  superior 
in  the  infrared.  In  addition,  the  sulfur  dyed  fabric  demonstrated  no 
resistance  to  Impregnlte  XXCC3  treatment. 

4.  In  considering  the  resin  bonded  inorganic  pigment  system 
certain  factors,  which  are  unique  to  this  colorant  technique,  must  be 
dlicussed  in  detail.  The  departxire  from  usual  dyeing  procedures  empha- 
sizesfactors  previously  considered  of  comparatively  minor  concern,  at 
least  as  far  as  evaluating  colorant  systems.  The  physical  condition  of 
the  resin  bended  pigmented  fabrics  before  treatment  with  water  repellents 
or  laundering  is  considered  rather  poor.  The  fabrics  in  the  original 
condition  are  quite  stiff,  resulting  in  poor  tear  strength,  hand,  and 
sewabllity.  Upon  treatment  with  either  water  repellent,  however,  these 
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d«fici*nci«»  wer«  largely  ovarcoma.  Further  improvaraant  rasulta  aftar 
laundarlng. 

Tha  raoin  bondad  pigmantad  fabrics  consldarad  in  this  raport  diffar 
from  tha  special  vat  dyad  and  sulfur  dyad  fabrics  in  that  thay  ara 
products  of  four  diffarsnt  manufacturars  and  wars  producad  with  formula¬ 
tions  which  diffar  somsvdiat  from  aach  other.  Tha  chemical  nature  of  tha 
pigments  is  similar  but  tha  physical  state  of  these  pigments,  the  resins 
and  emulsifiers  used  in  the  padding  liquor  differ  conridarably.  Differ¬ 
ences  in  formulation,  to  a  greater  degree  than  any  other  factor,  account 
for  tha  variations  observed  in  tha  production  runs  and  final  fabric, 

Tha  comparative  lack  of  compatibility  of  component  s  in  tha  padding  liquor 
was  tha  causa  of  the  excessive  flushing  of  carbon  black  axperiancad  in 
tha  run  by  manufacturer  "C".  To  illustrate  tha  affect  of  this  compara¬ 
tively  poor  formulation,  compare  fabric  CC  with  samples  AC,  BC,  and  DC 
through  tha  various  phases  of  tha  evaluation.  Since  these  fabrics  ware 
producad  on  tha  same  lot  of  fabric,  treated  with  the  same  water  rapeUant, 
and  produced  by  the  same  personnel,  the  deviations  observed,  being  mors 
than  statistical,  cannot  be  attributed  to  these  factors. 

Tha  result  of  carbon  black  flushing  to  tha  surface  was  to  give 
fabrics  which  ware  too  dark  and  dull  visually  and  somewhat  lower  in 
infrared  reflectance  than  the  others.  Because  of  the  poorer  emulslru 
this  fabric  showed  poor  fastness  in  the  laundering  tests.  It  had  the 
effect,  however,  of  producing  a  fabric  kith  outstanding  fastness  to  light, 
because  the  carbon  black  on  the  surface  of  the  fabric  is  virtually  inert 
under  such  conditions  and  covered  the  more  light  sensitive  colorants. 
Furthermore,  fabric  CC  ratss  much  lower  than  the  others  in  the  strength 
measurements  (breaking,  tsar,  and  bursting),  although  ostensibly  treated 
in  the  same  manner. 

It  was  conceded  by  manufacturer  "C"  that  the  fabric  processed  with 
his  formulation  was  unsatisfactory,  and  the  run  was  terminated  after  only 
one-fifth  of  the  planned  production  had  been  completed.  Since  the  comple¬ 
tion  of  the  production  run  at  the  Cramerton  plant,  this  pigment  manu¬ 
facturer  has  dsvoted  considerable  laboratory  research  to  improve  his 
product.  It  is  now  believed  that  this  has  been  effected,  although  not 
proven  in  production. 

Discounting  fabric  CC,  Inspection  of  the  experimental  data  reveals 
that  the  resin  bonded  pigment  system,  idien  properly  treated  with  water 
repellents,  may  be  considered  excellent.  It  rates  slightly  above  the 
standard  in  physical  properties  and  co^or  fastness  and  only  slightly  below 
the  standard  in  sewablllty.  In  color  fastness  it  is  somewhat  surpassed 
by  the  recently  developed  vat  dye  formulation  of  Calco. 
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The  differences  no^ed  in  the  data  of  Tables  I,  II,  III  and  IV  are 
small  and  any  deficiency  of  the  resin  bonded  pigmented  fabrics  in  these 
factors  are  more  than  compensated  vdien  the  advantages  unique  to  this 
colorant  system  are  considered.  The  three  successful  runs  produced 
fabric  within  the  limits  for  infrared  reflectance,  recommended  by  the 
Corps  of  Engineers  as  2056  £  The  original  fabrics  have  values  of 

reflectance  at  one  micron  of  approximately  eighteen  percent  which  rise 
during  the  expected  life  of  a  garment  to  about  twenty-two  percent, 
entirely  within  the  allowable  range  for  optimum  camouflage.  The  spectral 
reflectance  of  these  fabrics  remains  almost  constant  from  one  micron  out 
to  about  2,5  microns,  the  ejected  practical  limit  for  active,  image 
forming  viewing  devices  Furthermore,  the  principles  involved  in 

this  system  allow  for  wide  flexibility  in  practice.  By  changing  the 
ground  shade  and  chromatic  pigments,  any  of  the  ha  'vier  military  shades 
can  be  matched  visually,  and  still  provide  control  '  infrared  reflec¬ 
tance.  In, fact,  the  technique  has  been  modified  fv  ool  and  wool-nylon 
fabrics  ''3’  resulting  in  a  reflectance  of  about  twenty  percent  through¬ 
out  the  near  infrared  to  2.3  microno  on  a  sample  >^ich  matched  the 
visual  shade  Olive  Green  108,  It  is  believed  that  the  spectral  reflec¬ 
tance  of  the  resin  bonded  pigmented  cotton  fabrics  and  incidentally,  the 
acid-colloid  treated  wool  fabrics,  approach  the  anticipated  requirements 
for  good  camouflage  in  the  near  infreured  to  2.5  microns.  An  important 
advantage  of  this  colorant  system  is  that  indicated  corrective  measures 
can  be  taken  with  relative  ease. 

Ability  of  the  resin  bonded  pigmented  fabrics  to  resist  to  a  degree 
the  extreme  degradative  effects  of  Impregnite  XXCC-3  is  an  important 
difference  observed  among  the  fabrics.  Although  considerable  physical 
degradation  of  the  fabrics  and  anti -vesicant  occurs,  the  effect  of 
Impregnite  XXCC-3  on  the  color  of  these  fabrics  is  negligible  compared 
with  the  total  break-down  observed  for  vat  and  sulfur  dyed  fabrics, 

5.  The  double  dyeing  procedure  which  is  necessary  for  production 
of  resin  bonded  pigmented  fabrics  adds  to  the  cost.  Differences  in  the 
cost  of  producing  end  item  ensembles  using  resin  bonded  pigments  at  an 
estimated  increased  cost  of  $0.09  per  yard  or  the  Calco  special  vat  dyes 
at  an.  estimated  increased  cost  of  $0.05  p®r  yard  arc  tabulated  below. 

The  follorwing  figures,  given  for  the  resin  bonded  pigment  system,  are, 
necessarily,  based  on  fitting  the  operation  into  the  existing  facilities 
of  the  particular  plant  chosen  for  this  study.  In  the  production  run  at 
the  Cramerton  Division  of  Burlington  Mills,  the  fabric  was  first  vat  dyvvd 
and  dried.  It  was  then  pigment  padded  and  fed  through  a  dryer,  tenter 
framed,  and  oven  cured  in  one  continuous  operation.  This  was  followed  by 
the  water  repellency  treatment  which  repeated  these  operations  again.  In 

this  manner  the  complete  production  extended  about  three  times  as  long  as 
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it  might  have  under  more  efficient  operation.  Rehandling  of  fabric  .  ’ 

the  fact  that  the  equipment  coxild  handle  only  one  step  at  a  time  contribute 
a  major  portion  of  the  cost  differential  observed.  If  application  of 
resin  bonded  pigments  were  to  become  a  routine  production  method,  consid¬ 
erable  savings  in  the  following  estimates  could  be  realized  by  synchro¬ 
nization  of  the  steps  involved. 

Estimated  Increased  Cost 


Item 

Trousers,  shell,  field.  M-1951 

a.  As  procured  at  present 

b.  Procured  with  resin  bonced 
pigment  treated  fabric 

c.  Procured  vrtth  new  QM  vat 
dyed  fabric 

Jacket,  shell,  field.  M-1951 

a.  As  procured  at  present 

b.  As  procured  with  resin 
bonded  pigmented  fabric 

c.  As  procured  with  new 
vat  dyed  fabric 


Cost  Increased  Cost  Percent 


16.98 

— 

7.24 

3.7 

7.12 

2.0 

13.50 

— 

13.98 

3.6 

13.77 

2.0 

6.  As  noted  in  previous  studies  (H)  the  resistance  to  Impregnite 
XXCC-3  is  a  function  not  only  of  the  basic  colorant  formulation,  but  to 
a  marked  degree  of  the  type  of  water  repellent  used  in  finishing.  The 
resinous  type  of  repellent  gives  a  measxire  of  protection,  while  cationic 
types  appear  to  hasten  the  degradative  processes. 


7,  Frcai  the  standpoint  of  conmercial  production,  both  the  resin 
bonded  pigment  system  and  the  new  vat  dye  formulation  are  practical. 

The  colorants  and  resins  for  the  former  technique  are  readily  available. 
The  dyestuffs  for  the  new  vat  formulation  could  be  mass  produced  witli 
existing  equipment.  The  minor  difficulties  encountered  at  the  Crameirton 
Mills  were  of  an  engineering  nature  and  cou}.d  be  overcome  quite  readily 
by  mill  personnel.  The  knowledge  obtained  during  the  production  run  will 
prevent  a  recurrence  of  the  experience  of  manufacturer  "C". 

CONCLUSIONS  REACHED; 


The  results  of  this  Investigation  lead  to  certain  unequivocal  conclu¬ 
sions  : 

1.^‘  No  fabric  tested  iri  connection  with  this  report  has  completely 
adequate  resistance  to  the  anti -vesicant,  Impregnite  XXCC-3.  The  nature 
of  this  material  is  such  that  it  is  an  exceedingly  actitre  oxidizing  agent 
vhich  is  capable  of  severely  attacking  cellulose  or  protein  fibers. 
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If  subjection  of  fabric  to  such  treatment  can  be  avoided,  then 
the  matter  of  developing  colorant •  for  textiles  to  provide  camouflage 
against  the  present  type  sniperscope  can  be  considered  concluded„  Two 
colorant  systems,  the  resin  bonded  inorganic  pigment  and  a  recently 
developed  vat  dye  formulation  preswnt  two  practical  solutions  to  the 
problem. 


2.  The  poor  resistance  to  anti-v» sicant  impregnation  shown  partic¬ 
ularly  by  the  vat  and  sulfur  dyes,  ard  to  a  degree  by  the  rasin  bonded 
pigmented  fabrics,  may  be  correctible  by  either  chemical  modifications 
of  molecular  structure  of  colorants  or  by  the  development  of  resins 
which  afford  better  protection  to  the  fabric, 

3o  From  a  long  range  viewpoint,  the  resin  bonded  pigment  system, 
even  though  it  may  be  somewhat  more  costly  and  with  certain  minor 
deficiencies  with  respect  to  physical  properties  of  the  fabrics,  proves 
the  better  answer  to  the  infrared  camouflage  problem.  When  one  considers 
that  a  colorant  system  has  been  developed  which  has  good  fastness 
properties,  is  adaptable  to  many  different  shades  on  different  fibers, 
better  resistance  to  anti-vesicant  impregnation  and  provides  control  of 
reflectance  throughout  the  useful  near  infrared  soectrum,  the  minor 
deficiencies  observed  are  entirely  ove r- shadowed . 

4.  Because  the  research  contract  with  the  Calco  Chemical  Company 
was  successful  in  developing  vat  dyes  vhich  extended  the  range  uf 
controlled  reflectance  and  observations  made  in  this  report  on  the 
effect  of  chemical  treatments  on  the  reflectance  spectrum  of  these  dyes, 
the  search  for  colorfast  dyes,  which  can  impart  lower  reflectance 
beyond  one  micron,  appears  hopeful. 
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PART  A:  TABLES  OF  EXPERIMENTAL  DATA. 


Table  I.  :  PTi/sical  Prepertles  ©f  Orlglaal  Test  Fabrics  f©r 

Cemparlson  of  Resin  Bonded  Inorganic  Pigment,  Sulfur 
and  New  Vat  Dye  Formulatieas  fer  Centrel  of  Infrared 
Reflectance. 

Table  II  :  Sewability  Characteristic*  of  Original  Test  Fabrics 
fer  Cemparisen  ef  Resin  Bended  Inerganic  Pigment, 
Sulfur  and  New  Vat  Dye  Fermulations  fer  Control  ef 
Infrared  Reflectance. 

Table  III;  Water  Repellency  Characteristics  ef  Test  Fabrics  fer 
Cemparisen  ef  Resin  Bended  Inerganic  Pigment,  Sulfur 
and  New  Vat  l^e  Fermulatiens  fer  Centrel  ef  Infrared 
Reflectance. 

Table  IV  ;  Celer  Change  Obserred  in  Fastness  Tests  ef  Test 
Fabrics  fer  Cemparisen  ef  Resin  Bended  Inerganic 
Pigment,  Sulfur  and  N^w  Vat  Dye  Fermulatiens  fer 
Centrel  of  Infrared  Reflectance. 

Table  V  :  Infrared  Reflectance  Values  Observed  in  Fastness 

Tests  of  Test  Fabrics  frr  Cemparisen  of  Resin  Bended 
Inerganic  Pigment,  Sulfur  and  New  Vat  I^e  Fermulations 
fer  Centrel  of  Infrared  Reflectance. 


Table  VI 

and  Vl-a  ;  Resistance  to  Impregnite  XXCC-3  sf  Test  Fabrics  fer 
Cemparison  of  Resin  Bended  Inerganic  Pigment,  Sulfur 
and  New  Vat  Dye  Fermulatiens  fer  Centrol  of  Infrared 
Reflectance. 
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PHTSICAL  PROraRTIES  OP  OEIGINJtt-  TEST  FABRICS  FOE  COMPAEISCN  OP 
RESIN  BONDED  INORGANIC  PIGMENT,  SULFUR,  AND 
NEN  YAT  DTE  FCBMULATIONS  FOR  CONTROL  OP  INFRARED  REFLECTANCE 
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TABLE  II 


SEWABIUn'  CHARACTERISTICS  OF  ORIGINAL  TEST  FABRICS  FOE 
COMPARISON  OF  RESIN  BONDED  INORGANIC  PIGMENT, 
SULFUR,  AND  NEW  VAT  DYE  FORMUUTIONS  FOR 
CONTROL  OF  INFRARED  REFLECTANCE 


Sanpla 

Codo 

Fabric 

Strangth 

(Pounds) 

Saam 

Strangth 

(Pounds) 

Saam 

Efficianc^ 
(Parcant ) 

Yara 

Savaranca** 

(Numbar) 

Ttfarp  Filling 

GO 

196 

135 

69 

1 

20 

GR 

157 

146 

93 

0 

0 

AO 

192 

135 

72 

9 

23 

AR 

181 

161 

89 

1 

3 

AC 

182 

172 

95 

1 

1 

BO 

222 

116 

52 

22 

42 

ER 

171 

145 

85 

3 

5 

BC 

191 

174 

91 

0 

1 

CC 

176 

164 

93 

0 

0 

DO 

189 

99 

53 

10 

40 

DC 

181 

150 

83 

2 

3 

ST 

131 

126 

96 

0 

0 

CV 

lUO 

139 

100 

0 

0 

S 

145 

146 

100 

0 

0 

*  Av«rag«  of  5  t«8t3 
**  Avorago  of  3  tasta 
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tabus  III 


WAriiH  REPELI£NCY  CHAB  4CTERISTICS  OF  TEST  FABRTPq 
oompahmn  of  HESIN  BONIED  INO^mc  pS 
SULFra,  AND  NEW  VAT  DYE  FORMUUTIONS  FOE  " 
CONTROL  OF  INFHARED  REFLECTANCE 


FUR 


Sampl*  Spray  Rating  % 
Coda  Aftar 

— — —  Initial  Laundaring 


Hydrostatic  Prassure  Cm. 
After 


Dynamic  Absorption  % 
After 


laundering  Initial  Lawrieri 


GO 

50 

16.3 

GR 

100 

90 

a^ 

42.6 

22.9 

15.6 

32.0 

AO 

70 

28.0 

AR 

AC 

100 

100 

80 

80 

39.7 

38.0 

29.8 

21.5 

15.0 

18.4 

24.6 

30.6 

flO 

BR 

BC 

50 

100 

70 

70 

70 

17.8 

40.9 

36.9 

25.4 

25.0 

37.7 

25.7 

35.5 

36.9 

CC 

70 

100 

39.3 

24.0 

35.0 

27.9 

DO 

DC 

0 

90 

70 

16.3 

42.4 

26.5 

31.6 

39.3 

ST 

100 

80 

39.5 

25.8 

14.4 

29.2 

CV 

100 

80 

32.1 

21.5 

33.7 

42.0 

S 

90 

70  . 

30.0 

"  22.3 

44.2 

45.1 
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TAHIE  IV 


COLOR  CHANGES  OBSERVED  IN  FASTNESS  TESTS  ON  TEST  FABRICS  FOR 
COMPARISON  OF  RESIN  BONEED  INORGANIC  PIGMENT, 

SULFUR,  AND  NEW  VAT  DYE  FORMULAnONS  FOR 
CONTROL  OF  INFRARED  RFFIECTANCE 


Sample 

Light 

Alt.Ught 

Chlorine 

Mobile 

Weathering 

Cede 

Fastness 

&  Laundry 

Laundiy 

Laundry 

I'^O  hrs 

5  cycles 

20  cycles 

30  cycles 

100  hours 

GO 

1.9 

4.0 

4.9 

2.0 

GR 

0.9 

2.0 

2.9 

4.6 

1.6 

AO 

0.9 

2.6 

4.8 

6.5 

1.1 

AR 

0.9 

1.5 

3.9 

4.6 

1.0 

AC 

0.7 

1.1 

3.4 

4.9 

0.9 

BO 

0.5 

3.1 

4.5 

6.6 

1.0 

BR 

O.A 

1.1 

4.8 

6.3 

1.0 

BC 

1.1 

1.6 

3.9 

6.1 

1.1 

CC 

0.1 

1.8 

6.6 

8.6 

0.9 

DO 

1.6 

2.6 

4.5 

6.7 

1.3 

DC 

1.0 

2.1 

4.2 

5.6 

1.1 

ST 

1.6 

2.1 

3.4 

4.7 

1.2 

CV 

1.8 

1.2 

2.6 

2.9 

1.1 

S 

5.4 

5.2 

6.9 

6.0 

6.6 

*Not«:  Th«  units  mf  csler  dlffsrsn^a  «r«  those  defined  by  reference  12 
and  ene  such  unit  Is  considered  a  difference  In  color  no  greater 
than  neuld  be  acceptable  as  a  ceeuierclal  natch. 
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TABLE  V 


INFRARED  REFLECTANCE  VALUES  OBSERVED  IN  FASTNESS  TESTS  ON  TEST  FABRICS  FOR  • 
COMPARISON  OF  RESIN  BONDED  INORGANIC  PIOCENT, 

SULFUR,  AND  NEW  VAT  DIE  FORMUUTIONS  FOR 
CONTROL  OF  INFRARED  HEFLECTAIKE 


Sample 

Cede 

Initial 

Value 

Li^t 
FastiMSS 
160  hrs 

Alt  .Light 
it  Laundry 

5  cycles 

Chlorint 

Laundry 

20  cycles 

Mobile 

Laundry 

30  cycles 

Weathering 

100  hours 

GO 

A4.0 

45.5 

43.5 

42.0 

43.0 

43.5 

GR 

44.0 

46.5 

45.5 

48.0 

45.5 

42.5 

AO 

18.0 

18.0 

18.5 

20.5 

22.0 

17.0 

AR 

18.0 

18.0 

19.0 

21.5 

21.5 

17.5 

AC 

17.5 

17.0 

18.5 

20.0 

21.0 

17.5 

BO 

19.0 

19.0 

22.0 

21.5 

24.5 

18.0 

BR 

15.5 

16.0 

17.0 

21.0 

23.0 

16.0 

BC 

17.0 

16.0 

17.5 

20.5 

22.5 

17.0 

CC 

14.0 

14.0 

15.5 

19.5 

21.5 

14.5 

DO 

15.5 

17.5 

18.5 

20.0 

22.5 

15.5 

DC 

15.5 

16.0 

18.0 

20.5 

21,0 

16.0 

ST 

32.0 

32.5 

32.5 

32.0 

34.0 

33.0 

C7 

20.0 

19.0 

20.0 

21.0 

21.0 

20,0 

S 

9.5 

15.5 

15.0 

20.5 

1^.0 

16.5 
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TABUS  n 


RESISTANCE  TO  IMPREGNITE  ZZCC'-3  OP  ORIGINAL  TEST  FABRICS  FOR 
COMPARISON  OF  RESIN  BOnSD  INOBGANXC  PIQlENr, 

SULFUR,  AND  NEW  VAT  DIE  FOHKULATIONS  F09 
CONTROL  OF  INFRARED  HEFXECTAICE 


_ Ttnsllt  Strength _ 

Sampl*  Original  Aftar  Iga  %  Laws  %  Inqpragnita 

Coda  Warp  Filling  Warp  Filling  Warp  Filling  Aftar  Pad  After  Aga 


GO 

165 

159 

91 

71 

45 

45 

8.7 

GR 

130 

lOU 

44 

43 

66 

59 

6.3 

AO 

128 

104 

45 

42 

65 

60 

7.9 

AR 

150 

131 

54 

54 

64 

59 

8.2 

AC 

95 

i5 

56 

47 

a 

45 

4.8 

BO 

in 

103 

64 

61 

42 

41 

6.1 

BR 

lU^ 

334 

49 

42 

67 

69 

10.5 

BC 

n? 

•  n? 

75 

60 

36 

48 

4.2 

cc 

n? 

101 

43 

26 

63 

74 

7.8 

DO 

n? 

114  . 

31 

,n8 

74 

84 

6.8 

DC 

123 

103 

30 

23 

76 

77 

8.2 

ST 

130 

106 

0 

0 

100 

100 

12.5 

CV 

145 

n9 

13 

8 

91 

93 

11.3 

S 

139 

122 

19 

14 

87 

89 

U.6 

GQHFIKNtlU 


o  o  o  o  o  o 
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TAHIE  VI- i* 


HESISTANCE  TO  IMPREGNITE  XXCG-3  OF  ORIGINAL  TEST  FABRICS  FOR 
COMPARISON  OF  RESIN  BONDED  INORGANIC  PIGMENT, 

SULFUR,  AND  NEW  VAT  DIE  FORMUUTIONS  FOR 
CONTROL  OF  INFRARED  REFLECTANCE 


XXCC-3  Hours  Loss  of  Tonsils  Rscsp-  Compstibls 


Sample 

Code 

Applied 

of 

A^r^ 

2XCC-3, 

% 

strength  Color 
Loss,  ^  Change 

tivity  to  (  Color  Change 
Impregnite**-  Excepted) 

GO 

9.50 

17 

40 

3 

Greenish- 

-  CrOOd 

Yes 

GR 

7.00 

17 

96 

31 

yellow 

Normal 

Poor 

No 

AO 

8.29 

23 

93 

54 

Normal 

Poor 

No 

AR 

6.77 

17 

82 

25 

Normal 

Poor 

No 

AC 

6.45 

23 

94 

66 

Normal 

Poor 

No 

BO 

9.50 

23 

93 

64 

Normal 

Good 

No 

£R 

7.20 

23 

91 

45 

Normal 

Poor 

Ne 

BC 

6.65 

23 

98 

76 

Normad 

Poor 

No 

CC 

7.68 

23 

96 

46 

Normal 

Good 

Ne 

DO 

8.76 

23 

83 

40 

Normal 

Poor 

Ne 

DC 

5.95 

17 

85 

12 

Normal 

Good 

No 

ST 

7.13 

23 

99 

66 

Greenish- 

Good 

Ne 

cv 

6.55 

23 

91 

22 

yellow 

Brow 

Peer 

Ne 

s 

9.96 

17 

91 

53 

Greenish- 

Poor 

Ne 

brown 


*  Data  subnlttsd  CteMcal  and  Radiological  Laboratorlss,  Army 
Chsmical  Csntsr 

Samploe  that  -have  poor  receptivity  to  Impre^ite  picked  up  the  greater 
portion  of  the  XXCC-3  on  the  surface  of  the  fabric.  Modification  of 
the  Iisprsgn&tion  formulation  would  be  necessary  for  the  satisfactory 
impr%<gnatiea  of  these  fabrics. 
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PART  B:  COLORANT  FORMUUTIONS  OF  TEST  FABRICS 


'■y 


j*'.  - 


Pr»8«nt  Vat  Dyd  Standard,  Q11y«  Gr««n  107. 

Vat  Oliva  T 

Vat  Oliva  Graai  B  -  Pr  293 
Vat  Khaki  2G  ~  Pr  122 

Shadad  vdth  a  small  amaimt  of  Vat  Yallaw  GC  Pi’  9 

Salfur  Dyad  Fabric  (Approxliuitaly  Oliva  Graaa  107). 

Calcagaaa  Oliva  GCF,  cone. 

Calcogana  Oliva  Drab  ICF 
Calcagana  Broun  NLCF 
Shadad  ^th  small  amounts  of 

Calcogana  Bardaaux  Ol,  cone. 

Calcagana  Groan  TSCF,  cone. 

Vat  Dyad  Ground  Shada, 

Vat  Oliva  T 

Vat  Oliva  Groan  B  —  Pr  293 
Vat  Khaki  2G  ~  Pr  122 

Haw  Quartarmastor  Vat  Dyad  Fabric. 

Ra  soar  eh  Product  I-lM 

Rasaarch  Product  I<-99 

Shadad  with  Vat  BriiOLiaiA  Groom  BH 

Rosin  Bondad  Inorganic  Plgmsntad  Fabrics, 

Thf  famulatitiiiB  usad  war#  of  ttan  manMf acturars '  own  choosing,  and 
wara,  in  ganaral,  thair  own  products. 

Hanufacturor  "A", 

Carbon  black  dlspsrsion 
Chrasdc  axida  dinparsian 

Bindor-  ail  modifiad  alkyd  rosin,  butylatad  uslanina  and 
a  littla  acrylenitrils'butadiana  copeijnar 
Sodium  alginAta 
^nmenia 
Olaic  acid 
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ManufacturT  "B", 


Carbtn  black  dlsparalon 
Yellow  Iren  oxide  dlsperelea 

Green  (Prussian  blue,  barium  chromate)  dispersion 
Binder- butylated  melamine  and  oil  modified  alkyd  resin 
Sodium  j^dglnate 
Ammonia 
Oleic  acid 

Manufacturer  "C". 


Carbon  black  dispersion 
Chromic  exiae  dispersion 

Blnder-butylated  melamine  and  oil  modified  alkyd  resin 
Amnenla 

Sodium  alginate 
Oleic  acid 

Manufacturer  "D*, 


Carbon  black  dispersion 
Chromic  oxide  dispersion 

Blndeivalkyd  resin, ethyl  cellulose,  and  butylated  melamine 
Amnonla 

Sodium  alginate 
Oleic  acid 


31 
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PART  C;  SPECTRAL  REFLECTANCE  CURVES  OF  TEST  FABRICS  SHOWING  EFFECTS  OF 
THE  VARIOUS  FASTNESS  TESTS.  FROM  400  MILLIMIGRCNG  TO  1000 
MILLIMICRONS. 

Flg\ir«f  1  aad  la*  ;  G«a«ral  Graiuid  Shada,  Cad*  GO. 

Flguraa  2  and  2a  ;  Gaaeral  Grauad  Shada,  Cada  GR. 

Flguras  3  3*  :  Rasla  Baadad  laargaalc  Plgnaatad  Fabric,  Cada  AO. 

Figuraa  4  aad  4a  :  Raaia  Baadad  laargaalc  Plgmaatad  Fabric,  Cada  AR. 

Flguras  3  aad  5a  :  Rasla  Baadad  laargaalc  Plgmaatad  Fabric,  Cada  AC. 

Plgurss  6  aad  6a  :  Rasla  Baadad  laargaalc  Plgnaatad  Fabric,  Coda  BO. 

Flgiuras  7  usd  7a  ;  Rasla  Baadad  laargaalc  Plgsaatad  Fabric,  Cada  BR. 


Flguras  8  aad  8a  : 
Flguras  9  and  9*  s 
Flguras  IQ  aad  10a; 
Flguras  11  aad  11a: 
Flguras  12  aad  12a: 
Flguras  13  aad  13a: 
Flguras  14  aad  14a: 


Rsfla  Baadad  laargaaic  Plgasatad  Fabric,  Cada  BC. 

Rasla  Baadad  laargaalc  Plgmaatad  Fabric,  Cada  CC. 

Rasla  Baadad  laargaalc  Plgmaatad  Fabric,  Cada  DO. 

Rasla  Baadad  laargaalc  Plgasatad  Fabric,  Cada  DC. 
Prasaat  Vat  Oyad  Staadard  far  Oliva  Graaa  107,  Cada  ST. 
Naw  Quartamastar  Davslapad  Vat  Dyad  Fabric,  Cada  CV. 
Sulfur  Dyad  Fabric,  Cada  S. 


*  Turn  flguras  ars  shaisn  for  aach  saapla;  tha  first  caataias  tha  curvas  af 
tha  arlglaal,  aftar  160  h^urs  axpasura  la  tha  Fadanstar,  30  cyclas  af 
Mblla  lauadarlag,  aad  5  cyclas  af  altaraata  lauadarlag  aad  axpasura  ta 
ll^t;  ^  sacaad  fl^s,  daslnatad  with  tha  lattar  'a',  caataias 
curvas  far  axpasura  ta  waathsrlag,  chlarias  lauadarlag  aad  tha  arlgiaal 
fabric . 
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reflectance  »  PERCENT 


FIGURE  la;  GENERAL  GROUND  SHADE.  CODE  GO. 


'/  I 


LEGEND; 


Original 

Weathering  100  houre 
-Chlorine  laimdering  20  cycles 


// 


X  ■> 


-I 

700 


WAVELENGTH  -  MILLIMICRONS 
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FIGURE  2;  GENERAL  GROUND  SHADE.  CODE  GR 


50 


LEGEND; 

- - Original 

Fading  160  hours 

. . Alternate  light  &  laundering  5  cyf'les 

Mobile  laundering  30  cycles 


WAVEI£IKJTH  -  MILLIMICRONS 


confidIntiac 


i\c  ■« 
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FIGURE  3:  l^i-SIiN  BONDED  INORGANIC  PIGMENTED  FABRIC.  CODE  AO 


LEGEND: 

- Original 
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FIGUlil::  3a..  RK3IN  BONDED  INORGANIC  PIOffiNTED  FABRIC.  CODE  AO. 


30 


w 

e 


g20 


E-t 

O 

u 


10 


Ii<:(S;ND: 

- Original 

- Weathering  100  hours 

-  —  Chlorine  laundering  20  cycles 


400  500  600  TOO  800  900  1000 

WAVELENGTH  -  MILLIMICRONS 


CONFIDENTIAL' 


lERCENT 


CONFIDENTIAL 


CONFIDENTIAL 


CONFIDENTIAL 
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FIGURE  3a:  RESIN  BONCED  INORGANIC  PIGMENTED  FABRIC.  CODE  AC. 
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FIGURE  7;  RESIN  BONDED  INORGANIC  PIGMENTED  FABRIC.  CODE  BR 
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FIGURE  12a;  PfiESEOT  VAT  DYED  STANDARD  FOR  CLIVE  GREEN  107,  POPE  ST. 
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FIGURE  14:  SULFUR  DYED  FABRIC.  OOEE  S. 
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SPECTRAL  REFLECTANCE  CURVES  OF  TEST  FABRICS  IN  THE  SPECTRAL  RANGE 
FROM  1,0  MICROK  TO  4.2  MICRONS. 


Figurt  15:  Pr«*«*t  Vat  Djnad  Staadard  far  Cliv*  Graaa  107,  Cade  ST. 
Figura  16:  Reala  Bandad  laarganlc  Plgmaatad  Fabric,  Cada  AR. 

Figura  17;  New  Quartfraastar  Doyalapad  Vat  I)7ad  Fabid  :,  Cada  CV, 
Figura  18:  Sulfur  Dyad  Fabric,  Cada  S, 
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